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MASS SPECTROMETER 

The present invention relates to a mass spectro- 
meter, more specif icaiy a mass spectrometer in which 
a substance to be investigated is ionized by laser 
radiation. 

A mass laser spectrometer of this general type is 
described in the applicants publication "Ultrasensitive 
Fingerprint Detection of Organometallic Compounds by 
laser Multiphoton Ionisation Mass Spectrometry" Appl. 
Phys. Lett. 45 (11), 1 December 1984. 

I'Mass spectrometers of this type generally comprise, 
as main- components 7 along an axis in the order named: 
an ionisation space or, chamber into which a laser 
radiation beam, is 'focus sed' for ionizing a substance . or 
substances to Ve investigated or detected, an adjacent 
..acceleration spa>e' or path "Tor- mass-dependent .acceler- 
ation of the ions produced, then^an essentially; field- 
free time-d'f-f light or ...separation space, withi,n| which 
'the ions with different e/m ratios (e = electric charge; 
m = mass) separate because.>of their dif ferentf velocities , 
and. a detector system for the _separated ions . The 
ionisatioh.may_.be wave/ength selective or inselective. 
f A deficiency ,„of' the:, known laser mass spectro- 

meters<of thi,s' ; ty£e. is that they cannot be accommodated 
easily to.^alijacent' systems or apparatus of different 
configurations with which the mass spectrometer is to 
be used— More specifically, the distance between the 
place where the ions are produced and the port or mounting 
flange, (which is provided at the vacuum vessel of the 
respective system or apparatus with which the mass 
spectrometer is used) is quite different from apparatus 
to apparatus. It has previously generally been necessary 
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to modify the apparatus 1 to a-lign* it -with an: existing 
cbmmercial ma¥s~ spectrometer.^ \-_ - - . .. : 

- - • - a further problem ericount^re'd with , the known mass 

spectrometers- is- ; that molecular^ "substances are often 
5' * severely fragmented by th^ ionizing radiation : sq that 
' ' • " ions* of - parts of the 'origirral -substance,; rather than 

the ^o^calied ""parent^ (or* "mother") rion, are produced 
* and-'deTtected^^ • r -- ■ ; 

It is further desirable to obtain further infor- 
10 mation- about- r the-' r sub£t"ance under investigation in 
addition'' to" -tha t :: - provided by the mass spectrogram.. 
z ' \ Th~e present ^aiivenitipn attempts to solyQ w .or 
alleviate these problems. According -.rfco.* a -fiaj'st aspect 

* a mass 3 "spectVometer ^comprises an ^electrode system 

15 having -a plural-ity^^f ^coritrol* 'electrodes > defining an 
ionisation space and an ion acceleratingvspace; a 
r Shield -elects a .time-rof -flight separation 

path : ; : ' : : the" ionirsatiori - space/ -the^acceleration space and 

* the separation 5 patK : being -arranged in . the i order named 
20 along an axis; detector ^means ^positioned; at the end of 

° " the : sep r arat r idri p"ath f 'remote from the -acceleration space; a 
mounting ~flknge r piTdvad^d with means • for electrical con-. 
"'" neetion of -the : ebn€r'dl electrode: and of the ion detector 
means; and the shield electrode being -removably mounted 
25 ~ on support -members "exteningi- in - the said, axial direction. 

The means for electrical connection:; preferably 
- - - ' • ^comprises -connecting means passing throuah- the mounting 
: - - flange " (lead- tharoiiah^ means ) o x * : i^r^r 
r> : , r. ,; ^A£fcordihg c *to^a second aspect a mass -'Spectrometer 
^ 30 : comprises -an ^electrode : system def ining: an* -ionisation. space, 
v * ~ an "ion -aceelSr&tionrr space , separation means and detector 

1 snearis paSitibned?in the- order- named alone* an axis, means for 
'"' r "ionizing- a substance- within the ionisation space^and means 
1 7 - for couplihg^out radiation. emitted in, the ionisation space. 
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a in a . preferred embodiment, of the . pr.esen.t_ invention , 
the electrode encompassing the separation., path is. 
"mounted :on . J axi*l'lK .«?c<«nding ? supportc »>e_nbers so that it 
. can be easiiy.-rspilajpe.Tl by- a similar^ electrode .. oj . ; 
5 different length^- JAt: -least Qne_p£-.a pair of, electrodes 

defining the ionizajt ibai: .space ,may be mounted- on. electrical 
• -conductors which^in -turn: .are= mounted paxialJ.y. adjustably 
on mounting members supported by a remQyabJ.e= ) support 
body.- -- -'■:'£-: -.v-:-:-i.i ax "7 

10 The--inveirtion may ^be ^aprieiintpjprfcticfi .in 

Various ways -and one speOfcfX«/ embc^i-ment, will now. be 
described by way of rexampte.,. with, rce-Jfer ence- to the draw- 
r - ingsr- in -which: e-- :;■>,-. . ; ^ 

- . ;:Figure 1 is a> simplified vj^w-of :A'.^ se ^. mass, 
15 • spectrometer in -accor4aace ; 3^ith. -tiie pr^sen^ 

- invention; --t _- J: it: snz £-r:rr2 nc.jz :nt,.. - 
:?z~ : 2 .:. Figure 2e-rs.*an axial .geefeipn- Arfrlange ^nd of a 

. .- ..cpref erred5embodiment-:vof;oa.^ser t . mass- sp.ectff meter ; 

- .'.Figure-3 is ^ a e v4t«w ; i-r\ JfrSi&f^J&kPf^te, -.arrows 
2 0 - : " 1 1 1 L 1 1 1 1 o f " Eigure Jh', :. rirs^Hfc :2i:.3 ':is. -. .-. :: I _. vC 1 

-2 . Figures 4 is an-axfcal.-!a©jct*PQ; ^jthe-si^. Spurce 

: • - end of the -inasa[;S;peefcrpn)&^er ,J>t ^ue^ ^.;^,, 
. . . Figure 5 is a view : in j the r^4>r potion of ^he arrows 

.-..%5-5=©f Figure- 4 , -andi t-Lsl.-z ~r.J L.-.z •. ,.-j=..n 
2 5 - : Figure^ € is:* ar section - aloag^th^ m liove . 7 yX^Vl c of i: 

: ... 5. .--Figure 5-.-.:~ :_ ; i .;rss ..n .v.-;T 

' -■- " As- shown schematically in ;f lgvire-,1, t a ^mas ; s : spectro- 
meter comprises a measuringo:sysfcem~:wifeh 5 a .coupling flange 
' io which^llowsi one- to- mount the jmfasgring, ^system in an 
3(h ■' a±r-b4gHfe' manned oh a f langed- portii2r.of .a.vacuug system 

- (nof shown) in* which a substance > is©- be ^investigated by 
mass spectrometry is- present or.ge©era$ed.,, ■ It-,is a 

- feature of the present embodiments that all n parts _of the 
measuring system are supported-; by 7 fche« flange- 10. - r Thus, 
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the measuring system v prot^udes. in a cantilever fashion 
from the .flange into : the. inner of ,tjie. vacuum .system. 
The. .flange 10 comprises.. eleqtricfl lead-in means 14 
(similar ,to an electron tijbe stem) paving a plurality 
5 ■. of . terminal pins, 16 • , . An . ion detector system 18 is 
; mounted : adjacent ; the. flange, said system comprising 
.preferably a. double, channel-plate multiplier, i-e- 
.a plate .system., having^ a. multitude of small diameter 
channels operating, as, secondary electron multipliers, 
- 10 Such, ion detectors are known and. various types thereof 
are commercially : available r no, further explanation is 
- therefore considered necessary^ In operation, a con- 
ventional : electronic, control ,and sJLgnal processing 
apparatus r/(not ; shown.) . is connected to the terminals 16 
? 15: - of the. measuring- systejn. , f r . 

: „- ..An ipnisation. chamber or ; , space 20 defined by a " 
: : :pa;ir o£ 7 parallel, plane., .grid ; or mesh electrodes 22, 24 
h^ing>. annular support .rings is provided at the end of 
the measuring^ system, remote froin the mounting flange. 
20: s 'A ifurther g-r±d -or^mesh electrode ,26 , which together with 
the ^lectrodef £^4- d ef^ i^es. .an . ipn acceleration space 25, 
•v- -is "provided- the electrode 2 4 in 

&pCaced -jrelatipnship_ therefronu An essentially f.ield- 
. free: reparation: pr^. : tijne-of- flight path 2 8 is provided 
25. :betwefen^Lthe'vele6trode- 26 r and thf . ipn detector 18, The 

: . path \i8, .is : enclosed -and shielded by a cylindrical 
. . J .i : electrode 30 made .of ^thin, .perforated sheet metal and 
.."■■i.:v:. -has f :a grid or .mesli.^lectrode 31. at ^ the end facing the 
\ -flangje -lAVi The * eleq trodes * 2 6 r . and. 31 ^ are electrically 
30 .connected to .the., cylindrical .electrode 30,. so that the 
path 28 is ^substantially free of v electrical fields • 
*vr - • , - A laser- 32. is provided for producing a radiation 

^beam which is f ocussed .into, a H focus region 34 within the 
- ; rionisatiqn space. The laser may be a dye laser, a 



frequency" doubled dye - laser -or an excimer 'laser.: . : 
Preferably , a synchrorieously -pumped dye laser irn-.~: 
combination with an" excimer : iaser-^amplifier -pumped 
by an argon laser 'is used; el g : 7 i -dye - laser ^ of the type 
Coherent* 599 ," a r Lambda Physics • type : -EMG -103 ~excimer 
1 aser^ and an* argbn" )>ump laser 5 type^CRl 8 ±*r&- used 'to 
produce a radiation beam" hiving' 1 a'-wave^ length- of 590 
nanometers or, if Wequency 11 doubling r ls z vised; a->ave 
length of 2"9 5 nanometers'". 'Lasers o"f~- this type-; are 
adapted - to produce 1 tadiat ion'- pulses - having- ! a '- duration 
down' to"' few picqs r ec"onds'.' This f 'allows ; one; £5 -detect 
also relatively unstable mol-ectrle'sj, - such ias^metallo- 
organic compounds and thV likeV without^ fragmentation 
(breaking up) . Wh'ife the laser' 7 radrSfcibn'^y- be ; 
coupled into the vacuum system* an* the ibrilsat-icai space 
Xn a direct ion : normal' t&' thVlongitu^rrai axis of the 
mass spectrometer 1 s^ystett throHigli W- window, provided in 
the wall of the "vacuurf : syBtfflir wiW vHn.^" 'the 1 mass" 
'spectrometer £s' z \isid. : tfttt "jirefeTxetf' «nbb£Man"sa*t iias an ; 
"'en trace window 35 in" ^ttte mounVtSig 7 •iian§fe. : *o'Th'e' laser: ~.„r 
beam tra'vels "first ~eVseiftlal : ly : parallel" mp^m 1 i - 
longitudinal axis 3 of \he' -WsV^p^cWdW^r.';' -"and -then 
through the' window to 1 "ar 'prism 36 : or"' "aViofcher reflector 
which is provided *<Sri the side 1 -bf- the- ♦iori'^sation -space 2 0 
and which def lists' : the "beam by ^a^r -Trfe- -defected beam 
is focussed by 'a lens ? 3» (wh¥clY 'maV : be- ftfc^prtOfty?' formed 
with tiie prism" 36 j iiiio '■ the f *f acW l **eg±on -w±fcli±n the 
ionization l^acfe^O': 3 alterna^ivWjy-, tiig^tiguide system 
' as ' a ii^t conducting 'fibre "or 'r&a-&£ f ibVe-bMridle may 
be used ' for directing the " i IaW» -raft&iattfon ^tflfto ntlxe 0 : 
vacuum "system and the ibnisat£ori~sp'aee\ rf r :; 

: The ions generated within* ^the* f-ocxis region 34 are 

trans ferred r into the : acceleration 1 spaee 25- - by a -:weak 
drift field typicaliy of 1O0 voltsf'Between "the- elec- 
trodes 22 and 24, and then accelerated by an accelerating 



voltage of ^typically about 20QO volts between the 
el ctrodes .24 and, 26. Since , the t acceleration of a 
. charged particle by an electric fiei d depends on the 
mass of ..the particle f mor r e specifically bh the ratio of 
e/m f as is well known, the ions enter the separation 
path,, 28 through the grid electrode 26 with velocities 
which .are, inversely proportional to the square root of 
the ratio, of their charges to their mass m. Ions' with 
differing ..values .of e/m separate due to their differing 
•velocities $long b the, path 28 . and arrive therefore at the 
ion detector. at differing times. after the radiation pulse by which 
they are generated* The principle of such time-6f- 
f light . mass spectrometers is well known iii the a'rt; 
no. further^ explanation is therefore considered necessary 

Not only the icms produced "in the' focus region 34 
are used for analysing the substances which aire present 
in. the . ionization .space/ but also used is the optical 
radiation, .(especially fluorescence radiation) emitted 
by. the, respective substances within the ionisation 
space^, _.,Thus, two . dif f e.rent types of information can be 
simultaneously, derived from a single laser radiation 
pulse ("shot".) , _ ±. e. mass, spectrum information and 
opticalrspectrpscopic information. For this purpose, 
the. optical radiation ^emitted from * the excited*"sub- 
stances . within, the. focus region 34 may be focussed by 
a. lense 40 (which, may jbe. a Fresnel lens) via a prism 
42 into- a light guide 44 (e.g. a* fibre bundle or mono- 
filament^ light, guide.) , which* is* lead out at 46 in an 
air-tigh-^ manner througrh the" flange l'O "to jtli'e "outside 
o£. the vacuum space. The radiation is then passed to 
a spectroscopic .apparatus 48 which separates the 
radiation on the basis of the waVe-length by a "dif- 
fraction, grating, or prism in a well known "manner . 
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A preferred configuration; of th mass" spectro- 
meter shown' in Figure " l'wi'li now "be described wi th - 
reference to' Figures" 2 to' 6 1 The same components are 
provided with" the "same" reference numerals" as in 

5 Figure 1. . u 

The vacuum or inner' side of the flange 10 : is~ 
provided' with' an annular boss 50, on which a metal- 
tube is mounted! The metal r tube has a cut-out 54 on 
its one side". An annular body" 56 ' is" mounted on - the 
10 end of the metal tube 5*2 remote from the flange lO. 

The surface of the" body 56 facing the flange' 16 forms 
a" seat means' 8 58 for. the" ion detector" 18. "-The J seat - 
means has 'an annular' rib to accommbdate ion ''detectors 
of different Vommerciall'y available" types:' A seat 60 ■ * 
15 is. formed on the side 'of the^ body" "56 which" is remote - 
from the "flange lO.' The seat" *60*' reieiyeS" the' electrode 1 " 
31 and supports" one end of a 'perforated'' sheet metal tube 
which forms the" electrode 3D". ; Furthe'rV four- holes : are 
provided on this side, each "receiving a'~ support" rod 66 / 
20 Each .support rod 66 is fixed" in" thV respective'; hole 6'2-t 
by a : sc'rew "64 wViich is shown only" schematically^. • 

* • As shown' in Figure' 3% %ne* body" 56 has a window 
6 8. "through which the. l.as_er; : fceam;ls; £ro}e"6ted and; which 
._. is aligned with the windoV'3"5 ; " ( FXg vire 1 ) \ " " F uir t he r „ the 
25" ~ body 56 has an aperture \ 7 0 for the" If'gb^ guide* 4 4" - r - : * 
(Figure .1) and "apertures ~72~ for ^electrical conductors 
76„ (Eigure 6) "connecting" to the e let rode s '22 and 24. 
The conductors 7 6 are insulated" by glass" tubes 74 ; as 
. „ best seelT in F.igures 5 and 6 . „ ... 
30 \ As shown in [Figure 4', ' the elc'trd&ft 3&, ; w1iich J 
surrounds the separation path 28 / "is seated wiW its 
end remote from the ion detector ' "Iff ih ' ah anniilar- recess 
78 of a generally tube-shaped metal" "body 80, which" is 
supported by an integral flange 82 on the rods 66. The 
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*, flange 82 can be used for separating the vacuum space 
defined, by a tubular part (hot 'shown)" of the envelope 
. of the vacuum system" surrounding "the el "ctrode system 
. . described, and^ has apertues "(not shown)* "for the cdn- 
5 ^ ductojrs. 76 , the laser beam and the light* guide 44*. 

The opening of the metal body 80 which is' remote from 
.the reparation path 28 is provided with 'the grid' or 
mesh electrode .26 ~ ' " " 

All grid or mesh electrodes are preferably made 
10 of Ithin -perforated nickel metal foils; the open area 
is. as., large as possible and majr in* "practice be' 80% 

. . . pr more... . _ .* " " " 

An essentially "square "plate 81 ~of 'st&iriless^ steel 
is seated on the rods 66 near their ends, THe^rods 
15 traverse^ corresponding holes hear the corners* of the 

plate . ; 81 and are, fixed with 'respect to the plate by : set 
screws. .83... JThe plate has i center hole in which the 
.-/1-enjs j40 is seated. ^ Insulating support meitibers 86 are 
^attached by screws on opposed edges of the' plate 81. 
20. i ..Each. of ..the .support members "has two apertures for 

receiving bent support' w£res '88'* and 90 ," Respectively 
(Figure 6) which are each connected to the corresponding 
conductor 76 and provide" for 'mechanical support^ and 
. electrical connection of the elctrodes" 22 1 and" 24 , re- 
25 ; spectiyely v ' " " n 

As shown in Figuire £> "~ the~glass tubes 74 which - 
.insulate the conductors '76 are held to one side of the 
... .edge r of the plate 22 by a spring" clamp 92." A further 
spring niamp 94 is provided on the' opposite side of the 
30? r .edge.of ,±he f plate 92" f or positioning the light" guide 44. 

The prism 36 is supported on the plate 82 by appropriate 
r upright So 

. ^ . - The above described embodiment of the mass spectro- 
meter measuring system*may have" an- outer diameter of 

35 sbout 63. mm/ so that it fits easily through a mounting 

flange of a usual vacuum system. The system can - be* easily 



/ 



1 ,t 



-9- 



? If. adapted- to ^different situations .' It has been" found 
' that. , the, .length of th^' 'separation path 28 is hot; very 
critical and may vary" 'between 20 cm and 100 cm' or more 
without "impairing th~e" resolution of the' time^of -f light 
5 .jnass spectrometer' bpyo^d a is . acceptable 

..for. many- appUcatlo^J. Th^ th'e distance between the 

ionisation space 20 and" the mounting f 1 ^ngetfe ^ can be 
. .easily adjusted by .cutting the per foraged - sTieet 'metal 
forming .the electrode .30 to/the desired length. The 
10 other components , such .as" the, rddVtff; tlie tubes 
74 and so on \ ~, the" lengths of whfch- may aTsaT haVe 2 to be 
adjusted to the desired;, distance between thV ionisation 
' -.space- 20 and the mount/n^ "ilWge "^d / can 3 ^aIso be easily 
trimmed to the required .lengjfh. ^ 
15 , The electrodes '22^24, *26 , ^d"%\oT ^ above- ' ^ 

described preferred '^embodiment [of ^Vinvent&n^e made 
of nickel. The 'iase?.32'of the preferred em^tfdfirtent is 
a synchrpneousl^ pumped dye laser J:ype Coherent 5*99 
followed by an'w^eriis>r^piyfer ^ IlaJBda 
20 Ehysics^MGl03 ^pump^e'd^i^^^ 

CR18. The' laser "system 3.2 produces "radiatTdri "pulses 
"■ .haying a jwavglength . of abou^ 590 nanometer " Cor if 
desired, -after frequency doubling,' a wave length of 
about 295 nanometers) S and" an energy "of €he order ^ of micro- 
25 , joules to milli joules .Pfr^ulse. ^The pulse length i : s 
I about. 10~. picose9onds].*and ..maj^Se^ even [''sftorfer (e. g. 2 
picoseconds .or" less) * to prevent*" undue "fragmentation of 
molecular" substances ~€p be ' anaiyzi|* and to -a'liow -'the 
I detecti^. pFthe.sp-cailed parent Jor^mothezO- ion. , A 
30 " pulse, length , of" about, ^^i^umGe^^^'J^^^^'^ 
be an' acceptable compromise between costs y and the 
detection sensitivity of t£e parent ^ ion, 'since "lasers 
- for producing. puls.es with ' lengths In ' ine'oifaer of few 
i picoseconds' are' still rather" ex£en|W : " if tne. 'detection 
35 of the parent ion" is of ^ less r concern, lorige*' poise- 
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lengths up to e.g. 20 nanoseconds may be used; if 
the costs are of no concern , pulse lengths of 2 
picoseconds or ~iess : -aire' preferred.* - ; 

- " Various i ntodi-f zcations" of "the* disclosed embodiment 

5 t will occur- to 'those r skil--led~-in tfre' ^rt without departing 
from the scope bf^ the -invention ;as defdned..by the . 
appendent claims-^ - TKus% -the* velrecstrode 22 may be affixed 
to" and* suppbrted : ^by* the plate 82 .c \ ^Tuhse -support : members 
may be usecL -ins-tead- -of the Relatively .thin solid rods 

10 66-, and thle -c6hdiict : or& -''fee- connecting "the electrodes 
may" extend ^ th'roughP'-l*hese^ : tubes which may Consist : of an 
insulating mater i)aT, 'such -as ceramic. The electrodes ; 
22 and 24 may be Attached to the ends ,6f Tatn^insulating 
tube or 'may each /'be -mounted * on an individual stainless 

15 steel plater c'orr^spbhdfhg -fed the plate .82? in this case" 
" ~° " "the 1 mounting wires ' 8'8~- and -90 may ] be -offset >by. 90 degrees 
or mounted : dh * individual support "members 86 mounted on 
different, sides of the respective plates. 



CLAIMS:: ' v -=>-:T-.: ■ ~ : - . . r 1 

1. A mass spectrpme^er comprising an .electrode . 
system .havJLng % plura.lity,,of ; .control, electrodes (22 , 
•2-4, 26,: 30),, de-fining att .ionization space. (2JX) and.^ , 
an -ion accelerating space. i-2-5) s iij a .shield electrode 
:C30) surrounding .a L?time^r<3.f -flight separation., pa£h. J.2B) ; 
theionisatioh space- t2Q)r i; 'tbft acj=&^ at ion. spape^ ,(25) 
and -the separation path .fc2&) ibeingj arranged, in, the 
order .named, along * ; n. ; axis ^eteq^jc^meanSf ( 1B0, : 
positioned at the iand-of ;th% isepa^at-iorv path,. .(^8). , 
remote from the acceleration .spac^e .(=24).; , 

a imountingi flange (10) .provided ; .with ,, . r , / £:r: . \ - . 
■ means (16) :for electrical connection . the ^control ^ 

electrodes and of : the ievn^ate^i^^e^n^^Mid ; t&g 4 , ; 
cshield Electrode (30) ; being : . renpvably... mounted .on. sjippor| 

members (66.) ex-tending -in fehe^said axial £ 4irac£iQn_. 

2. A mass spectrometer as claimed 'in "Claim f "in V 
which all of the control electrodes, and the detecting., 
means, are supported in a cantilever fashion from the . 
mounting flange (lO) . 

3. A mass spectrometer as claimed in Claim 1 or 
Claim 2 in which the ionisation space (20) is provided 
at the end of the separation path (28) remote from the 
mounting flange (lo) . 

4. A mass spectrometer as claimed in any one of 
Claims 1 to 3 in which the shield electrode (30) has a 
tubular "sTiape and is supported with its ends in seat 
means (60, 78) formed by annular members (56, 80), at 
least one (80) of the annular members being removably 
mounted on the support members (66). __. - 

5. A mass sp ctrometer as claimed in any one of the 
prec ding claims in which the ionization space (20) 
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is defined, by a pair- of . the control electrodes, at 
-least one of : jthe control electrodes of the said pair 
. - being mounted^ on. electrical conductors J 88, 90 } which 
in turn are mounted on a removable mounting member* (82) 
5 supported by the support members (66). 

6* : - A : mass spectrometer as clajlmed in any one of 
the preceding, claims, in which, the ends of the support 
members (66) facing the mounting flange (id) are" 
removably mounted on an annular end-support (56 the 
10 annu'lar end- support* being '.mounted r.on the support -flange 

' (loT by 'means of" a :tubular.-iherabet C5.2) ..having a lateral 

j /-> • • ' • 

aperture 1 (54) .- - "•-:-...-*. - ■ „ i ; ^ •_ • , 

.- . A : m^ss -spectrometer as_claimed in Claim S "in 
which the annular end-support (56) also forms seat 
15" means (5-8F for : the Ion -detecting me^ns (18)., 

8. A mass spectrometer as .claimed in any one of the 
preceding claims in which the support members (66) 
*' " * ' are' axially "extending^ rod-shaped members, - • 

-: :9. _; --.A -mass ^spectrometer ..as claimed in any one of 
. 2:0.. ^Claims r l £ to r 7 in .which the. support members" (66) are 
;axially extending tubes. ..... 

10. A mass spectrometer as' claimed in any' one of the 
*. : '-. ; : -preceding ^claims.in whiph^ means are^ provided for 

allowing- an ionizing^, radiation to enter the/ ionization . 
25 space (20) through the mounting flange (10) . 

c:;-!!^.^ Admass spectrometer, as claimed in any one of the 
preceding claims having means. -(40, 42 , 44) "for" coupling 
radiation out of the ionisation space (20) . 

:* 12 • : r; A : -mass spe.ctrpmeter as claimed in Claim 11 including 
30 means for analysing the, coupled-out radiation. 
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13. A mass" spectrometer as claimed- in Cladm! il ox 
Claim 12 in" which' the'-coupling-dut mearis" (40, 42v 54) 
is adapted to" guide "the radiation* through -the mounting 
flange (lb).' ' " " " """^ " u '\ " \ - '" 

5 14. A mass spectrometer as claimed in any one of the 
preceding : claims "iii whfch the distance ^between the? 
mounting', flange' ? <$9 and " ^"he ■±oxi±zky£6n^^^^0.yiJ : 8 
adjustable. " ' ~ 

- 15. - -A mass spectrometer -as_^.l%imed. i in. any -one, af the. 
10- preceding claims including, ilas-er . means, .;fox ^producing 
a laser beam directed into the ionisa.tion space.,^ .the 
laser means being adapted to produce radiation pulses 
of a duration of ho'Soie than; ¥bou€-fO r pfcbseconds.^ 



20 
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16. A mass spectrometer -as -claimed -..in anx;one..pf- the, 
15 preceding claims in which the shield electrode is of 

perforated sheet metal;" ------i^ 

17. A mass spectrometer comprising, an /electrode 5 sy stem 
defining an ionisation space, an ion acceleration space, 
separation mea^s 7 ana : detector' : meani ^osi€ioried in°the 
"order named' along" an" 1 axis^meafts-f or ^ionizing ^.tsuBstarice 
within the ionisation spacer and mSans-fdr Coupling out 
radiation emitted in_ the ionisat tion_space^ , . . 

18 . ' A mass" spirometer' as" elSimed^n- C*&lm*17 including 
means for analysing ^-coipie^oa^radl-atldAvoi .: - 

19. A — mass spectrometer as claimed in~Claim 17 or 
Claim" 18 : in whlcii the "mean* f br^ohTzing^he substance 
comprises a laser 13^ J. 

20.. A mass spectrometer as claimed in Claim 17 in which 
the laser la adapted to : prbtfude 3 'Taxation* pulses" of no 
more than about 10 picoseconds *Lh "i rigth.- - - ' • - 1 • - 
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" '21*. A mass spectrometer 'substantially specifically 
herein described with reference to the drawings. 
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- Amendments- 1 the. claims have. been filed as follows 



1. A mass spectrometer comprising an electrode 
system defining an ionisation space, an ion 
acceleration space, separation means and ion detector 
means positioned in the order named along an axis, 
means for ionising a substance within the ionisation 
space, and means for coupling put radiation emitted in 
the ionisation space. 

2. A mass spectrometer as claimed in Claim 1 
including means for analysing the coupled-out 
radiation. 

.3. A mass spectrometer as claimed in Claim 1 or 
Claim 2. in which the means for ionising the substance, 
comprises a laser. 

4. A mass spectrometer as claimed in Claim 1 in 
which the laser is adapted to produce radiation pulses 
of no more than about 10 picoseconds in length. 

5. A mass spectrometer as claimed in any one of 
Claims 1 to 4 including a plurality of control 
electrodes defining the ionisation space and the ion 
accelerating space; a shield electrode surrounding a 
time-of -flight separation path the ionisation space, 
the acceleration space and the separation path being 
arranged in the order named along an axis; a mounting 
flange provided with means for electrical connection of 
the control electrodes and of the ion detector means; 
and the shield electrode being removably mounted on 
support members extending in the said axial direction. 



6. A mass spectrometer as claimed in Claim 5 in 
which all of the control electrodes, and the detecting 
means, are supported in a cantilever fashion from the 
mounting flange. 

7. A mass spectrometer afe "claimed in Claim 5 or 
Claim 6 in which the ionisation space is provided at 
the end of the separation "path^f emote from the mounting 
flange. " 

8. A mass spectrometer as claimed in any one of 
Claims 5 to 7 in which the shield electrode has a 
tubular shape and is supported with its ends in seat 
means formed by annular members, at least one 1 of the 
annular members being removably mounted on the support 
members . 

9. A mass spectrometer as claimed in any one of 
the preceding claims in which the ionisation space is 
defined by a pair of the control electrodes, at least 
one of the control electrodes of the said pair being 
mounted on electrical conductors which in. turn are 
mounted on a removable mounting member supported by the 
support members. 

10. A mass spectrometer as claimed in any one of 
Claims 5 to 9 in which the ends of the support members 
facing the mounting flange are removably mounted on an 
annular end-support, the annular end-support being 
mounted on the support flange by means of a tubular 
member having a lateral aperture. 



11. A mass spectrometer as claimed in Claim 10 in 
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which the annular end-support also forms seat means for 
the ion detecting means. 



12. A mass spectrometer as claimed in any one of 
Claims 5 to 1.1 in which the support members are axially 
extending .rod-^hape4.m^m^ers. _ 



-13. ..A iDass^spectrometer claimed in any one of 
Claims 5 to ll- in wh'ich'thV support members Ta re axially 
extending tubes. 

14... A mass spectrometer as claimed in any one of 
-Claims' 5, to." 13 in^yhich means._ are_ provided; f or allowing 
.an ionising 'radia|lon tp%nte^ 
through the mounting fla n .g e -._ 
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